In south Africa (sA) cardiovascular disease (CVD) is the second leading cause of death, with hypertension (HtN) being the predominant contributor to morbidity and mortality associated with this disease. We examined the prevalence and determinants of target organ damage (tOD) among urban black hypertensive south Africans attending primary health-care (PHC) services in Cape town.
Hypertension (HTN) is a common risk factor for cardiovascular diseases (CVDs) in adult black South Africans. More than 6 million South Africans have HTN, 1,2 with rates of prevalence being 22 and 25% among urban black African men and women, respectively. Besides being a key risk factor for ischemic heart disease and stroke, undiagnosed and/or poorly controlled HTN also contributes to renal disease, left ventricular hypertrophy (LVH), other target organ damage (TOD), and premature death.
In South Africa (SA) CVD is the second in the list of leading causes of death, after HIV/AIDS. Chronic diseases, which include CVD, account for 36 and 40% of deaths among men and women, respectively. 3 The high rates of undiagnosed and inadequately treated HTN that cause preventable TOD remain a major public health challenge. 4 Only 26% of men and 51% of women with blood pressures (BPs) ≥140/90 mm Hg reported having being told by a health professional that they had hypertension. Among those with HTN, 10% of the men and 18% of the women had controlled BPs. 5 This study is among the first to examine the prevalence and determinants of TOD among urban black South Africans with HTN who attended public and private primary health-care (PHC) sites in Cape Town. The CVD risk profile and comorbid conditions in this sample have been described earlier, along with the determinants of HTN control. 6, 7 
Methods
Study population and sampling procedure. The Hi-Hi Study was a cross-sectional survey among black South Africans with diagnosed HTN attending PHC centers for HTN treatment from June 2003 to June 2004. The sites were 3 public sector community health centers and 11 private sector general practitioners' offices in the Cape Town townships of Langa, Gugulethu, and Crossroads. Inclusion criteria: black African individuals 35-65 years of age residing in one of the three townships, receiving antihypertensive care at local health-care facilities for at least the previous 12 months, having a diagnosis of HTN (systolic BP ≥140 mm Hg and/or diastolic BP ≥90 mm Hg and/or on HTN medication), and providing informed written consent following an explanation about the study in the isiXhosa language, which is their primary language. Exclusion criteria: acute and/ or terminal conditions such as tuberculosis, AIDS, or cancer, a psychiatric diagnosis precluding participation, or cognitive impairment as measured by self-report, medical history, or clinician's assessment, or being participants in another study.
Trained research nurses visited community health centers on randomly selected days and screened the potential participants identified by clinical staff. General practitioners discussed the study with hypertensive patients in their offices and identified willing potential participants who were then contacted by study nurses. Announcements about the study were posted in the office waiting area to encourage interested patients to call study nurses directly.
Data collection and categorization. The following data were collected: sociodemographic characteristics, medical history, tobacco and alcohol use, and physical activity patterns. The CAGE set of four questions (Have you ever felt that you should cut down on your drinking? Have people annoyed you by criticizing your drinking? Have you ever felt bad or guilty about your drinking? Have you ever had a drink first thing in the morning to steady your nerves or get rid of a hangover?) was used for assessing excessive alcohol use and was deemed positive if ≥2 questions were answered in the affirmative. 8 The Global Physical Activity Questionnaire identified physical activity patterns, and the adjusted METS/week, i.e., the metabolic equivalent level of self-reported physical activity patterns, were calculated. 9 The amount of exercise that provides cardiovascular health benefits was defined as ≥600 METS/week. Adherence to HTN medication and salt intake recommendations was assessed by the 10-item, 4-point Likert Hill-Bone Compliance Scale, which has a 0.80 α-coefficient and has demonstrated predictive validity in US populations as well as in South Africans. 10, 11 The data relating to antihypertensive drugs prescribed at the participant's previous visit were extracted from their medical records and coded in accordance with the Anatomical Therapeutic Chemical Classification categories. 12 Three BP measurements were taken at 1-2-min intervals using an Omron M4-I BP monitor with an appropriately sized cuff after the participant had been seated for 5 min. The average of the second and third measurements was used in the analysis.
Body weight was measured to the nearest 0.5 kg, using a Soehnle calibrated scale, with the subjects barefoot and in light clothing. Height was measured to the nearest 0.1 cm using a stadiometer. Body mass index was used for categorizing participants as normal weight (18-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ), and obese (≥30 kg/m 2 ). 13 The National Health Laboratory Service at Groote Schuur Hospital performed the biochemical analyses of spot urine and nonfasting blood samples. These included urine creatinine, albumin and protein, and serum creatinine, glucose, total cholesterol, triglycerides and high-density lipoprotein cholesterol (HDL-C). Low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald equation. 14 Hypercholesterolemia was defined as total cholesterol ≥195 mg/dl. Type 2 diabetes was defined as nonfasting blood glucose level ≥200 mg/dl, and/ or the use of antidiabetic medication.
Reduced creatinine clearance, microalbuminuria, proteinuria, or elevated serum creatinine levels identified "renal impairment by any criteria" (RIC). The reference values were: reduced creatinine clearance calculated using the Cockroft-Gault formula 15 and corrected for body surface area: 16 <60 ml/min/1.73 2 ; elevated serum creatinine (The National Health Laboratory Service): men >1.36 mg/dl, women >1.14 mg/dl; microalbuminuria: ≥30 and ≤299 mg/g; and proteinuria: >300 mg/g.
A standard 12-lead electrocardiograph (ECG) using a MAC 1200 resting ECG machine was recorded. Two physicians (N.P., M.T.L.N.), blinded as to the clinical information, independently categorized the ECGs in accordance with the Minnesota Code (MC) 17 and identified LVH using SokolowLyon voltage (SV 1 + RV 5 /RV 6 >38 mm) 18 and MC 3-1 or 3-3 (ref. 17) criteria. The wave patterns and QRS durations were measured to the nearest 4 ms, and amplitudes to the nearest 0.5 mm with calipers and metal rulers. A cardiologist coinvestigator (P.J.C.) acted as arbitrator for disagreements between the two independent investigators.
Once all the ECGs had been categorized in accordance with MC criteria, 17 they were further classified according to the Pooling Project criteria (major, minor, and ischemic abnormalities), 19 and P.J.C. identified significant individual MC abnormalities in the ECGs (see Supplementary Tables S1 and S2 online).
Univariate analyses (sociodemographic and cardiovascular risk characteristics) are presented as mean values and standard deviations for continuous data, and as percentages for categorical data. χ 2 -Tests were used for categorical variables and unpaired t-tests for continuous variables. Comparisons were carried out to assess differences by HTN control and TOD status.
Three logistic regression analyses were carried out to identify the determinants of LVH, using Sokolow-Lyon ECG criteria, 18 RIC, and ischemic MC ECG pattern. 17, 19 The independent variables entered into each regression model were: BP control, age, gender, body mass index, excessive alcohol consumption, daily tobacco use, diabetes, LDL-C level, HDL-C level, healthcare sector, antihypertensive drug use (diuretics, ACE inhibitors, β-blockers) and the Hill-Bone Compliance Scale.
The Johns Hopkins Medicine Institutional Review Board and the Medical Research Council's Ethics Committee approved the study.
results
The Hi-Hi Study recruited 403 hypertensive patients (55% women) and ECG data were collected for 387 participants (96%). Sixteen participants (4%) were excluded from the articles Target Organ Damage in Black Hypertensives: Hi-Hi Study ECG analyses because of inadequate ECG quality, refusal to have their ECGs recorded, missed appointments, or ventricular conduction defects that prevented the assessment of LVH criteria.
The participants belonged predominantly to a low socioeconomic income group with low levels of education and employment, and ~20% of them lived in informal housing such as shacks ( Table 1) . They had high rates of uncontrolled HTN (61%), elevated cholesterol levels (50%), and obesity (59%). Prevalence of risky behavior was particularly high among men: 30% smoked ≥1 cigarette/day and 53% drank alcohol excessively. 6 Participants with uncontrolled HTN had significantly lower creatinine clearance levels and were older and more urbanized than those with controlled HTN. Participants visiting private sector health-care sites had significantly higher articles Target Organ Damage in Black Hypertensives: Hi-Hi Study levels of HTN control (51%) as compared to those visiting public health-care centers (36%) (P = 0.016). 7 The most common antihypertensive medications used by the participants were diuretics (91%), followed by ACE inhibitors (46%), centrally acting antiadrenergic agents (27%), reserpinecontaining agents (26%), β-blockers (21%), and calcium channel blockers (10%). 6 There were no significant differences in the use of these antihypertensive drugs between participants with controlled and uncontrolled HTN except for β-blockers. The latter were used significantly more by participants with uncontrolled HTN (27%) as compared to those with controlled HTN (12%) (P < 0.001) ( Table 1) .
At <10%, self-reported events were relatively low ( Table 2 ). The frequency of occurrence of self-reported events was: myocardial infarction or angina (9%), stroke (5%), and peripheral vascular disease (3%). RIC was present in 26% of the participants and was predominantly identified by the presence of microalbuminuria (19%). The prevalence of ECG abnormalities was high: by any set of criteria LVH was present in 35% of the participants while ischemic abnormalities were present in 49%. These rates, together with RIC, were significantly higher among participants with uncontrolled HTN than in those with controlled HTN.
The univariate comparison (Table 3) identified the variables associated with ECG-LVH by applying Sokolow-Lyon criteria, and by RIC and ischemic MC ECG abnormalities. Participants with LVH had a higher prevalence of uncontrolled HTN, excessive alcohol consumption, tobacco smoking, higher mean HDL-C, lower prevalence of diabetes, and lower mean body mass index, and included more men than the non-LVH participants. Participants with RIC had higher rates of uncontrolled HTN and diabetes, were older, and used β-blockers more frequently than those without RIC. Participants with ischemic ECG abnormalities, as compared to those without, had a higher prevalence of uncontrolled HTN, were older, included more men, and had higher mean LDL-C and lower mean HDL-C. Also, diuretic use was less prevalent and β-blocker use was more prevalent in these participants with ischemic ECG abnormalities. The data shown are for the variables that were entered into the multivariate logistic regression analyses ( Table 4) .
The logistic regression showed that LVH was associated with uncontrolled HTN and the absence of diabetes. RIC was more prevalent in participants who were older, had diabetes, and/or used β-blockers. Uncontrolled HTN and excessive alcohol consumption narrowly missed being significantly associated with RIC at the 0.05 level. The rates of ischemic ECG abnormalities were higher in older participants, in those with uncontrolled HTN, and in men. Participants with raised LDL-C and those with lower alcohol consumption also had significantly more ischemic ECG abnormalities. As one of the first studies to document the presence of TOD in urban black South African patients with treated HTN, The Hi-Hi Study adds valuable information relating to the high prevalence of TOD and its determinants in patients who regularly attend PHC services.
In a similar population group, Rayner and Becker 20 reported a 26% prevalence of ECG-LVH as per Sokolow-Lyon or Cornell product criteria, which is comparable to the prevalence rate found in our study using the Sokolow-Lyon criteria (24%). The significant association of lower diabetes prevalence with ECG-LVH in The Hi-Hi Study was similar to that reported in Congolese hypertensive patients. 21 With HTN reported to be the commonest cause of end-stage renal disease in SA, 22 the high prevalence of RIC in our study, especially among participants with uncontrolled HTN (30%), warrants immediate attention. The significant association of uncontrolled HTN and diabetes with RIC in the univariate analyses reinforces the well-established negative impact of these conditions on the kidney.
The higher prevalence of microalbuminuria (27%) reported by Rayner and Becker in black hypertensive patients as compared to data from our study (19%) may be attributable to the higher rate of diabetes among participants in their study (20% in theirs vs. 12% in ours). 20 A study in African-American hypertensive men reported rates of microalbuminuria (21%) similar to the ones in our study. 23 The significant association of β-blocker use with RIC requires elaboration. The use of β-blockers was found to be greater in those with diabetes, and diabetes itself is known to lead to renal impairment. 24 This could perhaps explain the β-blocker-RIC association. Moreover, participants in our study who were using β-blockers had significantly higher levels of uncontrolled HTN than those who were not using these agents. β-Blockers are typically used as second-or third-line therapy for HTN treatment in this population; consequently, participants with more severe disease may have been prescribed the drug.
The definitive diagnosis of cardiac ischemia is based on typical clinical presentation and not on ECG manifestations alone, especially in participants with HTN and high LVH rates as in our study population. When LVH is present, ST segment and T wave ECG abnormalities may reflect repolarization changes, indistinguishable from ischemic manifestations. This should be taken into account when evaluating the use of the "ischemic" ECG MC in this study population.
In fact, ST depressions and T wave inversions were found in 17 and 32% of the participants, respectively. This phenomenon could explain the marked discrepancy between the 9% selfreported prevalence of myocardial infarction or angina and 49% prevalence of ischemic MC ECG abnormalities. Currently, there is little evidence that myocardial infarction is common in black Africans residing in Africa. 25 In our study, the ECGs were interpreted in accordance with the MC, an internationally accepted classification. Nonetheless, this again illustrates the problem of using MC in a population in which its validity has not been established. The common use of diuretics in these participants may also predispose to electrolyte abnormalities which, in turn, will mimic ischemic ECG abnormalities. However, while a significantly higher proportion of these ECG abnormalities were present in participants with uncontrolled BP as compared to those whose BP was under control, no difference was found in diuretic use between these groups. 6 Moreover, it is standard practice in the local setting to use low-dose diuretics that have only limited effects on electrolytes. Elevated BP levels are key contributory factors to TOD, with 61% of the participants in our study with uncontrolled HTN. This is a significant predictor of TOD in the sample, with higher rates of ischemic ECG abnormalities, ECG-LVH, and RIC in this group. Given the association of uncontrolled HTN with greater TOD, higher morbidity and mortality may be anticipated in these participants.
The health-care provider, the health service and patientrelated factors influence HTN control. 26 In our study, provider inertia was demonstrated by the failure to titrate medications appropriately and a failure to communicate with patients. Health service inefficiencies further exacerbated poor HTN control with many participants not receiving sufficient antihypertensive medication at their previous visit. 7 These are patients who are demonstrating their willingness to participate in their health care by attending health services for HTN management. In addition, their HTN drug compliance, as measured in terms of the validated Hill-Bone Compliance Scale, was relatively good. 7 Yet they failed to achieve adequate HTN control and displayed high levels of TOD, thereby suggesting that they had experienced prolonged periods of uncontrolled HTN.
Although patient noncompliance cannot be totally excluded, these data suggest that insufficient health-care provision is in part responsible for inadequate HTN control. In order to improve HTN control, strategies should include a focus on health-care provider inertia and health-care service inadequacies.
In an economically developing region like SA, with scarce health-care resources because of insufficient funding and competing priorities, an emphasis on achieving tight BP control to reduce TOD and CVD morbidity and mortality will have a significant impact. 27 The economic burden placed on health-care services will be reduced because of savings in hospitalization costs and tertiary care. Moreover, uncontrolled HTN and its consequences have indirect costs in the form of disability payments, payroll losses, and productive years of life lost. In SA, years of life lost on account of chronic diseases (25%) are close approaching the corresponding figure relating to infectious diseases (28%). In SA and other developing countries, it is typically the younger, economically active breadwinners who develop HTN and CVD rather than older retired individuals as is commonly the case in developed nations. This implies an ever-increasing socioeconomic burden. 28 The inclusion of a convenience sample, with eligible hypertensive participants being approached to participate in the study, is a limitation. It restricts the validity of generalizing the findings, and the results cannot be extended to untreated or undiagnosed hypertensive individuals. Also, in a cross-sectional study such as this, a causal link between HTN and TOD cannot be incontrovertibly inferred from the data. Nonetheless, it has been assumed that the association found between poor HTN control and greater TOD is causal. A further limitation is that the relative contributions of the duration of HTN and prolonged high BP to TOD cannot also be assessed.
Reports suggest differences in left ventricular structure between black and white hypertensive adults that may be reflected in the surface ECG. 29 The ECG criteria used in our study are those that have been established in other populations and to the best of our knowledge have not been validated in black Africans. Furthermore, the criteria selected for ECG-LVH did not include repolarization changes which may have influenced the ischemic ECG findings.
The adequate control of HTN and reduction of TOD needs to be addressed to decrease the burden of CVD on both patient and health-care services. Amid the focus on infectious diseases in SA, particularly on HIV/AIDS, overburdened health-care services and health professionals perceive HTN and its associated consequences as being a less urgent problem. Ensuring adequate HTN control to prevent TOD and minimize CVD morbidity and mortality is receiving little priority from healthcare services and professionals. In addition to the need for adequate and appropriate HTN management, there is also a need to reduce the economic impact of premature morbidity and mortality arising from other chronic conditions in the population in SA.
supplementary material is linked to the online version of the paper at http://www.nature.com/ajh.
